UNCLASSIFIED 


Registration  No. 

24486 


Retractor-Based  Stroking  Seat  System  and  Energy- 
Absorbing  Floor  to  Mitigate  High  Shock  and  Vertical 

Acceleration 

Presented  at  the  NATO/STO  AVT-221  Specialists  Meeting  on  "Design 
and  Protection  Technologies  for  Land  and  Amphibious  NATO 
Vehicles"^  Copenhagen^  Denmarkf  Apr  07-10,  2014 


Venkatesh  Babu 
Ravi  Thyagarajan 
Sudhakar  Arepally 


UNCLASSIFIED:  Distribution  Statement  A 
Approved  for  Public  Release 


U.S.  Army  Tank  Automotive  Research, 
Development,  and  Engineering  Center 

15  Aoril  2014  Detroit  Arsenal 

Warren,  Michigan  48397-5000 


-Technical  Report- 


UNCLASSIFIED 


Improvements  to  the  Sandia  CTH  Hydro-Code  to  Support  Blast  Analysis  &  Protective  Design  of  Military  Vehicles 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMBNo.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  0MB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY) 

15  Apr  2014 


2.  REPORT  TYPE 

Paper  presented  at  NATO  AVT221  Meeting 


3.  DATES  COVERED  (From  -  To) 

10  OCT  2013-15  APR  2014 


4.  TITLE  AND  SUBTITLE 


5a.  CONTRACT  NUMBER 


Retractor-Based  Stroking  Seat  System  and  Energy-Absorbing  Floor  to 
Mitigate  High  Shock  and  Vertical  Acceleration 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Venkatesh  Babu,  Ravi  Thyagarajan  and  Sudhakar  Arepally 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

TARDEC/ Analytics 
6501  E  11  Mile  Road 
Warren  Ml  48397 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


#24486  (TARDEC) 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

(TARDFn _ 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  public  release. 


13.  SUPPLEMENTARY  NOTES 

Presented  at  the  NATO/STO  AVT-221  Specialists  Meeting  on  "Design  and  Protection  Technologies  for  Land  and  Amphibious 
NATO  Vehicles",  Copenhagen,  Denmark,  Apr  07-10,  2014 


14.  ABSTRACT 

The  beneficial  effects  of  seat  stroke  on  lower  lumbar  loads,  and  energy  absorbing  floors  on  lower  and  upper  tibia  loads  are 
numerically  simulated  by  LS-DYNA3D  in  an  accelerative  vertical  loading  environment.  The  Hybrid  III  50%  male  dummy 
occupant  dummy  is  seated  in  a  generic  seat  system  of  a  ground  vehicle  interior  and  restrained  with  a  5-point  seatbelt  system. 
A  retractor  system  is  attached  between  the  back  of  the  stroking  seat  and  the  hull  to  provide  the  desired  seat  stroking 
characteristics.  The  occupant  lower  lumbar  loads  and  lower  tibia  loads  are  analyzed  and  compared  for  eight  different 
retractor  functions. 


15.  SUBJECT  TERMS 

Retractor,  Energy  absorbing  floor.  Seat  stroke.  Lumbar  loads.  Accelerative  load,  M&S  analysis.  Blast,  UBB,  LS-DYNA,  ATD 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 
OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Venkatesh  Babu 

a.  REPORT 

Unlimited 

b.  ABSTRACT 

Unlimited 

C.  THIS  PAGE 

Unlimited 

Unlimited 

21 

19b.  TELEPHONE  NUMBER 

586-282-9649 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  Public  Release 


2  I  P  a  g  e 


Improvements  to  the  Sandia  CTH  Hydro-Code  to  Support  Blast  Analysis  &  Protective  Design  of  Military  Vehicles 


TANK-AUTOMOTIVE  RESEARCH 
DEVELOPMENT  ENGINEERING  CENTER 

Warren,  Ml  48397-5000 


Ground  System  Engineering  Assessment  &  Assurance  (GSEAA)  /  Analytics 

15  April  2014 


Retractor-Based  Stroking  Seat  System  and 
Energy-Absorbing  Fioor  to  Mitigate  High  Shock 
and  Verticai  Acceieration 


By 

Venkatesh  Babu,  Ravi  Thyagarajan  and  Sudhakar  Arepally 


This  is  o  reprint  of  a  paper  presented  at  the  NATO/STO  AVT-221  Specialists 
Meeting  on  "Design  and  Protection  Technologies  for  Land  and  Amphibious  NATO 
Vehicles",  Copenhagen,  Denmark,  Apr  07-10,  2014. 


UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  Public  Release 


3  I  P  a  g  e 


Improvements  to  the  Sandia  CTH  Hydro-Code  to  Support  Blast  Analysis  &  Protective  Design  of  Military  Vehicles 


Distribution  List 

•  Mr.  Sudhakar  Arepally,  Associate  Director,  Analytics,  US  Army  TARDEC 

•  Dr.  Pat  Baker,  Director,  ARL/WMRD,  Aberdeen,  MD 

•  Mr.  Craig  Barker,  Program  Manager,  UBM/T&E,  SLAD,  US  Army  Research  Lab 

•  Mr.  Ross  Boelke,  OCP-TECD  PM,  TARDEC/GSS 

•  Mr.  Robert  Bowen,  ARL/SLAD,  Aberdeen,  MD 

•  Dr.  Kent  Danielson,  Engineer  Research  and  Development  Center  (ERDC),  Army  Core  of  Engineers 

•  Mr.  Paul  Decker,  PM,  DARPA  Programs 

•  Mr.  Matt  Donohue,  DASA/R&T,  ASA-ALT 

•  Ms.  Nora  Eldredge,  WMRD,  US  Army  Research  Lab 

•  Mr.  Ed  Fioravante,  WMRD,  US  Army  Research  Lab 

•  Mr.  Ami  Frydman,  WMRD,  US  Army  Research  Lab 

•  Mr.  Mark  Germundson,  Deputy  Associate  Director,  TARDEC/GSS 

•  Mr.  Neil  Gniazdowski,  WMRD,  US  Army  Research  Lab 

•  Dr.  David  Gorsich,  Chief  Scientist,  US  Army  TARDEC 

•  Mr.  Jeff  Jaster,  Deputy  Associate  Director,  TARDEC/GSS 

•  Mr.  Steve  Knott,  Deputy  Executive  Director,  TARDEC/GSEAA,  US  Army  TARDEC 

•  Mr.  Jeff  Koshko,  Associate  Director,  TARDEC/GSS,  UA  Army  TARDEC 

•  Mr.  Joe  Kott,  OCP-TECD  Deputy  PM,  TARDEC/GSS 

•  Mr.  Dick  Koffinke,  Survivability  Directorate,  US  Army  Evaluation  Center 

•  Dr.  Scott  Kukuck,  PM/Blast  Institute,  WMRD,  US  Army  Research  Lab 

•  Dr.  David  Lamb,  STE/Analytics,  US  Army  TARDEC 

•  Mr.  Mark  Mahaffey,  ARL/SLAD,  Aberdeen,  MD 

•  Dr.  Tom  McGrath,  US  Navy  NSWC-IHD 

•  Mr.  Tony  McKheen,  Associate  Director/Chief  Integration  Engineers,  US  Army  TARDEC 

•  Dr.  Tom  Meitzler,  STE,  TARDEC/GSS 

•  Ms.  Erin  Norton,  OCP-TECD  Standards  and  Specifications,  TARDEC/GSS 

•  Mr.  Micheal  O'Neil,  MARCOR  SYSCOM,  USMC 

•  Mr.  Ed  Sievika,  NAVAIR 

•  Mr.  Mark  Simon,  Survivability  Directorate,  US  Army  Evaluation  Center 

•  Dr.  Paul  Tanenbaum,  Director,  ARL/SLAD,  Aberdeen,  MD 

•  Mr.  Pat  Thompson,  US  Army  Testing  and  Evaluation  Command  (ATEC) 

•  Mr.  Madan  Vunnam,  Team  Leader,  Analytics/EECS,  US  Army  TARDEC 

•  TARDEC  TIC  (Technical  Information  Center)  archives,  US  Army  TARDEC 

•  Defense  Technical  Information  Center  (DTIC)  Online,  http://dtic.mil/dtic/ 


UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  Public  Release 


4  I  P  a  g  e 


NATO 

OTAN 


UNCLASSIFIED 


UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  public  release 


organization 


Retractor-Based  Stroking  Seat  System  and  Energy- Absorbing  Floor  to  Mitigate 

High  Shock  and  Vertical  Acceleration 


Venkatesh  Babu 

U.S.  Army,  RDECOM-TARDEC 
Warren,  MI  48397 
USA 

Venkatesh.Babu.civ@mail.mil 


Dr.  Ravi  Thy  agar  aj  an,  Ph.  D. 

U.S.  Army,  RDECOM-TARDEC 
Warren,  MI  48397 
USA 

Ravi.S.Thvagaraian.civ@mail.mil 


Sudhakar  Arepally 

U.S.  Army,  RDECOM-TARDEC 
Warren,  MI  48397 
USA 


Sudhakar.R.Arepallv.civ@,mail.mil 


ABSTRACT 

The  beneficial  ejfects  of  seat  stroke  on  lower  lumbar  loads,  and  energy  absorbing  floors  on 
lower  and  upper  tibia  loads  are  numerically  simulated  by  LS-DYNA3D  in  an  accelerative  vertical 
loading  environment.  The  Hybrid  III  50%  male  dummy  occupant  dummy  is  seated  in  a  generic  seat 
system  of  a  ground  vehicle  interior  and  restrained  with  a  5-point  seatbelt  system.  A  retractor  system 
is  attached  between  the  back  of  the  stroking  seat  and  the  hull  to  provide  the  desired  seat  stroking 
characteristics.  The  occupant  lower  lumbar  loads  and  lower  tibia  loads  are  analyzed  and  compared 
for  eight  different  retractor  functions. 

Keywords;  Retractor,  Energy  absorbing  floor.  Seat  stroke.  Lumbar  loads.  Accelerative  load,  M&S 
analysis 

1.0  INTRODUCTION 

Today’s  military  scenarios  have  changed  from  force-on- force  involving  large  troops  to 
smaller  local  conflicts  in  asymmetric  warfare  [1].  Subsequently,  the  war  fighter  needs  protected 
mobility  and  blast-resisting  capability  to  combat  both  homeland  and  global  security  threats  [2,  3]. 
With  ever-increasing  threat  sizes  and  types,  protection  against  injuries  during  under  body  blasts  is  of 
utmost  importance  in  developing  new  armored  vehicles,  and  retrofitting  existing  fleets.  The 
configuration  of  the  crew  compartment  is  largely  defined  by  the  required  level  of  protection  and 
crew  safety,  vehicle  weight  and  mobility  on  land  and  water. 

Army  ground  combat  vehicles  have  to  withstand  high  vertical  accelerative  loads  on  the 
vehicle  hull,  floor  and  seat  structures.  These  loads  are  in  turn  transmitted,  in  part  or  in  full,  to  the 
mounted  soldier,  depending  on  seat  and  interior  design  features,  causing  injuries  to  the  lumbar  and 
lower  leg  regions.  There  are  numerous  ways  of  mitigating  the  high  accelerative  loads  imparted  into 
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the  structure  using  shaped  hulls,  (V-shape  hull,  Double-V  hull),  and/or  material  selection,  and  thus 
the  resulting  vertical  acceleration  to  the  seat  and  soldiers.  These  alone  may  not  enough  to  reduce  the 
injuries  experienced  by  the  soldiers  on  the  field.  Newer  Army  vehicles  have  blast-mitigating  floor 
systems  and  stroking  mine  seats  for  enhanced  energy  management.  Most  of  the  stroking  seat 
systems  today  are  based  on  deforming  steel  cable  or  specially  designed  geometries  capable  of 
stroking  up  to  10  inches.  These  systems  are  fairly  easy  to  design  and  incorporate  into  the  seats  and 
work  quite  well  during  vertical  loading  conditions.  However,  during  off-axis  loading,  these  seats 
may  not  perform  as  well  in  injury  reduction,  for  several  reasons  such  as  unexpected  soldier  posture, 
binding  of  stroking  mechanisms  etc. 

This  paper  demonstrates  the  on-axis  and  off-axis  effectiveness  of  (1)  a  conceptual  load- 
limiting  retractor-based  stroking  seat  system,  as  well  as  (2)  the  same  seat  integrated  with  an  energy¬ 
absorbing  (EA)  floor  design.  A  vertical  drop  tower  simulation  is  employed  to  investigate  the 
potential  performance  of  these  concepts  during  a  typical  blast.  In  order  to  accomplish  this  research,  a 
generic  seat  system  is  modelled  using  finite  element  methods.  The  50%  percentile  Hybrid  III 
dummy  from  Humanetics  is  used  to  represent  a  soldier  restrained  with  a  standard  automotive  seat 
belt  system.  A  retractor-based  seat  belt  system  is  attached  to  the  seat  structure  with  varying  load 
limiters  to  achieve  the  desired  seat  stroke.  The  seat- floor-occupant  system  is  subjected  to  a  time- 
varying  generic  vertical  accelerative  load  to  mimic  a  typical  blast  input  load  to  the  seat.  Resulting 
crew  injuries  are  monitored  for  various  vertical  accelerative  loading  scenarios.  The  retractor  load 
limits  for  the  stroking  seats  are  optimized  for  varying  input  loading  condition  using  modelling  and 
simulation  methods. 

There  are  several  advantages  to  retractor-based  energy-management  systems.  These  systems 
can  be  efficiently  incorporated  into  the  seat  structures  of  today’s  military  ground  vehicles.  When 
compared  to  the  more  traditional  EA  mechanisms  with  metal  strips  or  cables,  it  is  easier  to  control 
the  stroking  in  retractor-based  concepts  using  different  seat  belt  materials  and  load-limiting 
retractors.  In  addition,  integration  of  an  energy-absorbing  floor  to  such  a  retractor-based  seat  stroking 
system  has  the  potential  to  be  even  more  effective  in  mitigating  the  high  shock  and  accelerative  loads 
transmitted  to  the  soldier  in  typical  under  body  blasts,  thereby  reducing  the  potential  occupant 
injuries.  Retractor-based  EA  systems  can  be  developed  as  a  modular  kit  and  implemented  in  vehicles 
that  are  already  fielded  as  well  as  those  under  development.  The  underlying  concept  is  independent 
of  the  size  or  weight  of  the  vehicle,  and  can  be  easily  tuned  for  specific  configurations. 


2.0  MODEL  SETUP 

A  generic  occupant  compartment  of  light  tactical  vehicle  (LTV)  driver  side  is  numerically 
modelled  using  finite  element  methods  as  shown  in  Figure  l.with  a  V-hull  design.  Shock-attenuating 
and  energy- absorbing  floor  mechanism  is  also  shown  in  the  Figure  1.  A  generic  seat  structure  with 
retractor-based  stroking  mechanism  is  shown  in  Figure  2.  The  passenger  side  also  consists  of  a 
similar  occupant  compartment  not  shown  in  this  report.  The  driver  and  passenger  compartments  are 
connected  by  a  tunnel  structure  along  the  vehicle  centre  line. 
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troking  Retracto 


5  Point  belt 


Generic  Seat 

Figure  2:  Generic  Seat  with  Stroking  Retractor 


V-Hull 


Figure  1:  V-Hull  occupant  compartment 


The  Humanetics  Hybrid  III  dummy  [7]  used  in  this  study  to  investigate  the  lower  lumbar 
loads,  lower  tibia  loads,  pelvic  accelerations,  etc.  is  shown  in  Figure  3.  The  complete  subsystem  is 
shown  in  Figure  4. 


Figure  3:  Flybrid  III  dummy  Figure  4:  Complete  subsystem 
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2.1  Structure  model 

The  structure  is  modeled  with  Vi'  RHA  material  and  is  a  generic  representation  of  the  typical 
occupant  compartment  in  a  light  tactical  vehicle  (LTV).  Because  the  loading  used  here  is  an  enforced 
blast  pulse,  this  hull  structural  thickness  does  not  have  any  effect  on  the  results. 

2.2  Seatbelt  model 


Automotive  seat  belts  with  five  point  restraints  and  10%  elongation  webbing  is  modeled  using 
ELEMENT  SEATBELT,  SECTION  SEATBELT  and  MAT  SEATBELT  input  cards.  LS-DYNA 
provides  features  to  model  the  loading  and  unloading  characteristics  from  a  uni-axial  test.  Parameter 
LLCID  in  MAT  SEATBELT  provides  the  ability  to  model  the  loading  curve  which  allows  the 
defenition  of  force  as  a  function  of  engineering  strain.  Parameter  ULCID  ,  provides  the  unloading 
characteristics  as  a  function  of  force  versus  engineering  strain.  LLCID  and  ULCID  curves  are  shown 
in  Figure  5  as  a  Percentage  elongation  on  x-axis  and  Newtons  on  y-axis. 


Seat  Belt  Loading  and  Unloading  Curves 


Figure  5:  Seat  belt  loading  and  unloading  curves 
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2.3  Retractor  model 

Retractor[8]  is  modeled  using  ELEMENT  SEATBELT  RETRACTOR  card  in  LS-DYNA.  This 
card  requires  two  curves  one  for  loading  and  one  unloading. 

2.4  Floor  model 

The  floor  structure  is  modeled  with  %”  RHA.  Blast  mitigating  energy  absorbing  material  is 
inserted  below  the  floor  and  above  the  V  hull.  During  loading,  this  material  will  absorb  the  shock 
and  deform  sufficiently  enough  to  mitigate  the  lower  tibia  loads. 

2.5  Hybrid  III  dummy  model 

The  Humanetics  Hybrid  III  model  is  positioned  as  shown  in  Figure  4.  Both  the  feet  are  placed  on 
the  floor  seperated  132  mm  apart. 

3.0  NUMERICAL  ANALYSIS  METHOD 

The  vertical  loading  from  the  blast  is  modeled  in  this  report  by  imposing  a  short-duration 
acceleration  (pulse)  into  the  vehicle  hull  [4].  The  numerical  analysis  method  presented  in  this  report 
involves  the  following  four  steps: 

(1)  The  first  step  is  to  establish  the  baseline  occupant  injury  responses  for  a  non-stroking 
seat,  without  energy-absorbing  floors,  when  the  structure  is  exposed  to  a  half-sine  vertical 
acceleration  pulse  (peak  of  200  g),  lasting  5  ms,  as  shown  in  Figure  6;  the  corresponding 
velocity,  or  AV,  is  6.3  m/s.  For  the  350  g  and  500  g  pulses,  the  velocities  are  8.7  m/s  and 
9.3  m/s,  respectively,  as  shown  in  the  right  side  of  Figure  6. 

(2)  The  second  step  is  to  compare  the  baseline  occupant  injury  responses  from  step  1  with  a 
conventional  stroking  seat  as  shown  in  Figure  7. 

(3)  The  third  step  is  to  establish  occupant  injury  responses  of  retractor-based  stroking  seat 
system  for  a  variety  of  retractor  designs. 

(4)  The  fourth  step  is  to  evaluate  the  best  performing  retractor  seat  system  against  the  350  g 
and  500  g  vertical  pulses  to  show  the  robustness  of  the  new  retractor-based  EA  system  as 
compared  to  the  conventional  stroking  seat. 

(5)  The  last  step  is  to  evaluate  the  effect  of  off-axis  loading  on  the  hull  and  determine  how 
the  seat  and  the  dummy  respond  when  the  200g,  350g  and  500g  peak  accelerations  are 
applied  along  an  oblique  vector  (non- vertical).  Again,  the  best  performing  retractor 
system  is  compared  against  the  conventional  stroking  system. 
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The  retractor  force-displacement  curves  used  in  this  study  are  shown  in  Figure  9.  All  simulations 
have  been  perfomed  using  LS-DYNA  [5,6] 


Vertical  Acceleration  Vertical  Velocity 


Time,  sec  Time,  secs 


Figure  6:  Input  vertical  acceleration  &  velocity 

3.1  Baseline 

Initial  baseline  analysis  is  performed  with  a  generic  vertical  accelerative  load  of  200  g  for  5 
milliseconds  shown  in  Figure  6  is  input  to  the  V  hull.  Baseline  M&S  analysis  seat  is  not  allowed  to 
stroke  and  dummy  floors  does  not  have  any  energy  absorbing  or  shock  attenuating  mechanisms. 

3.2  Conventional  stroking  seat 

In  order  to  assess  the  validity  of  the  retractor  based  stroking  seat  model,  it  is  necessary  to 
understand  how  the  conventional  stroking  seat  will  perform  in  a  vertical  accelerative  loading.  The 
stroking  mechansm  is  represented  as  a  non-linear  spring  with  force  vs  displacement  (FD)  as  shown 
in  figure  7  as  model  input.  Figure  7  is  a  typical  FD  characteristics  of  a  conventional  stroking  seat. 
The  conventional  seat  stroking  mechanism  can  be  a  simple  metal  wire  pulling,  a  coiled  spring 
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compression,  tube  on  tube  or  can  be  any  other  mechanical  devices  moving  relative  to  each  other 
casuing  the  seat  to  stroke 


Figure  7:  Conventional  seat  force-displacement  (FD)  curve 


3.3  Retractor-based  stroking  seat 

The  conventional  stroking  seat  mechanism  is  replaced  by  a  seatbelt  retractor.  There  are 
several  advantages  to  retractor-based  energy-management  systems.  These  systems  can  be  efficiently 
incorporated  into  the  seat  structures  of  today’s  military  ground  vehicles.  When  compared  to  the 
more  traditional  EA  mechanisms,  it  is  easier  to  control  the  stroking  in  retractor-based  concepts  using 
different  seat  belt  webbing  and  load-limiters.  Retractor-based  EA  systems  can  be  developed  as  a 
modular  kit  and  implemented  in  vehicles  that  are  already  fielded  as  well  as  those  under  development. 
The  underlying  concept  is  independent  of  the  size  or  weight  of  the  vehicle,  and  can  be  easily  tuned 
for  specific  configurations. 
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Figure  8:  Stroking  retractor  attachment  scheme 

Figure  8  shows  the  detailed  attachment  scheme  for  the  stroking  retractor  used  in  the  report. 
The  retractor  with  torsion  bar  is  attached  to  the  non-stroking  stiff  part  of  seat  structure  as  shown  on 
Figure  6.  Other  end  of  the  retractor  is  attached  to  the  seat  base  via  the  anchor.  There  are  four  shear 
pins  that  control  the  initial  breaking  load.  Once  the  shear  pins  are  released,  the  seat  cushion  attached 
to  the  retractor  is  free  to  move  downwards  depending  upon  the  occupant  load  against  the  vertical 
accelerative  load  from  the  hull  (input).  The  downward  motion  of  the  seat  cushion  and  the  occupant  is 
controlled  by  the  retractor  system  which  is  attached  to  the  stroking  seat  as  shown. 


Eight  different  retractors  are  analyzed  in  this  study.  Figure  9  shows  the  normalized  retractor 
force-displacement  curves.  The  retractor  forces  are  normalized  to  the  conventional  seat-stroking 
force  and  displacements  or  stroke  is  normalized  to  peak  value  of  250  mm.  Retractor  8  is  a  two-stage 
[9,  10]  digresive  load  limiting  retractor  (DLLR),  all  others  are  constant- force  retractors  with 
different  load  limiters.  Maximum  seat  stroke  allowable  in  this  study  is  250  mm. 
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Figure  9:  Retractor  based  seat  FD 


4.0  NUMERICAL  ANALYSIS  RESULTS 


4.1  Baseline  -  Non-stroking  seat 

The  injury  responses  of  the  occupant  seated  in  the  non-stroking  seat  are  shown  in  Figure  10. 
The  lower  lumbar  vertical  load  peaks  at  650  Ibf  (  2,891  N  )  and  the  duration  is  between  15  ms  to  35 
ms.  The  left  lower  tibia  loads  peaks  around  3500  Ibf  (  15,568N  )  and  the  right  lower  tibia  loads  shows 
peak  value  of  4500  Ibf  (  20,016  N  )  with  duration  from  7  ms  to  15  ms  for  a  non-stroking  seat.  The 
pelvic  vertical  acceleration  shows  a  peak  value  of  45  g’s  between  12  ms  to  45  ms.  From  the  curves 
below,  it  is  clear  that  the  lower  tibia  experiences  the  shock  between  7  ms  to  15  ms.  During  this  time, 
the  lower  lumbar  spine  experiences  minimal  load  and  it  will  be  in  tension.  When  the  tibia  loads  peak, 
the  lower  lumbar  load  starts  to  pick  up  a  compressive  load.  The  lower  lumbar  compressive  load  is 
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active  between  15  ms  to  35  ms.  Peak  pelvic  vertical  accelerations  also  occur  during  this  time  frame. 


Lower  Lumbar  Load  •  Fz  Peh/ic  Vertical  Acceleration  -Z 


Figure  10:  Dummy  responses  of  a  non  stroking  seat 


4.2  Conventional  Stroking  Seat  Performance 


Lower  Lumbar  Load  -  Fz 


Pelvic  Vertical  Acceleration  -Z 
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Figure  1 1 :  Crew  responses  for  non-stroking  &  conventional  stroking  seat 

Figure  1 1  shows  the  dummy  responses  for  a  conventional  stroking  seat  comparing  to  the  non¬ 
stroking  seat.  It  is  clear  from  the  lower  lumbar  loads  and  pelvic  acceleration  curves  that  the  stroking 
seat  does  reduce  the  lumbar  loads  and  pelvic  vertical  accelerations,  as  expected.  For  stroking  seats,  the 
peak  lumbar  loads  and  pelvic  accelerations  are  slightly  lower  than  that  of  the  non-stroking  seat  and 
occur  between  12  ms  to  35  ms.  Since  there  is  no  EA  mechanism  for  floor,  tibia  loads  remain  nearly 
unchanged  between  non-stroking  and  stroking  seats. 

4.3  Retractor-based  stroking  seat  performance 

Dummy  responses  for  eight  different  retractors  are  analyzed  and  compared  to  the  non-stroking 
and  stroking  seats.  Table  1  summarizes  the  dummy  responses  of  non-stroking,  conventional  stroking 
and  retractor-based  stroking  seat. 


Table  1 :  Dummy  responses  for  different  seat  EA  concepts 


Seat  system 

Pelvic  vertical 
acceleration 
(g) 

Lower 
lumbar  load 
(ibf) 

Left  lower 
tibia  load 
(ibf) 

Right  lower 
tibia  load 
(Ibf) 

Non  Stroking 

NS 

45 

657 

[  2922  N  ] 

3472 

[  15443  N] 

4675 

[  20794  N  ] 

Conv  Stroking  (CS) 

CS 

18 

310 

[1378  N] 

3000 

[  13344  N] 

4664 

[  20745  N  ] 

1 

44 

795 

[  3536N] 

1988 

[  8843  N  ] 

2485 

[  11053  N] 

2 

43 

613 

[2727  N  ] 

1986 

[  8834N] 

2479 

[  11027N] 

3 

30 

580 

[2580N] 

1986 

[  8834N] 

2480 

[  11031  N] 

Retractor  Stroking 

4 

22 

453 

[2015N] 

1988 

[  8843  N  ] 

2483 

[  11044N] 

(RS) 

5 

17 

212 

[  943  N  1 

1990 

[  8852  N  1 

2483 

[ 5445  N  1 

6 

19 

300 

[1334  N] 

2320 

[10319N] 

2486 

[  11058N] 

7 

21 

440 

[  1957  N] 

2350 

[  10453  N] 

2832 

[  12597  N ] 

8 

35 

490 

[2180N] 

3500 

[  15568  N] 

4300 

[  19126N] 
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Figure  12:  Pelvic  vertical  acceleration  and  Lower  lumbar  load  for  different  seat  EA  systems 

Figure  12  shows  the  lower  lumbar  loads  and  pelvic  vertical  accelerations  from  Table  1.  The 
curves  in  the  Figure  12  and  Table  1  show  that  Retractor  5  results  in  lowest  dummy  responses  for  200  g 
vertical  acceleration  input.  The  lower  lumbar  loads  for  non-stroking,  conventional  stroking  and 
retractor  based  stroking  seats  are  shown  in  Figure  13.  It  is  clear  from  the  curves  that  retractor-based 
stroking  shows  significant  reductions  in  lower  lumbar  loads  for  200  g  vertical  input.  Retractor  5  is 
chosen  for  further  studies  in  the  next  step  to  optimize  the  lumbar  loads,  tibia  loads  and  pelvic  vertical 
acceleration  for  higher  input  accelerations.  Figure  14  shows  the  occupant  positions  at  different  instants 
of  time. 


Lower  Lumbar  Load  -  Fz 


Figure  13:  Dummy  responses  for  retractor-based  stroking  seat  vs.  conventional  stroking  seat  &  non-stroking  seat 
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T=0 


T=20  ms 


r=60  ms 


T=30  ms 


T=40  ms 


Figure  14:  Dummy  kinematics  at  different  instants  of  time 

5.0  EFFECT  OF  ENERGY-ABSORBING  (EA)  FLOOR 

Having  identified  the  best  retractor  system  (Design  #5),  the  next  step  is  to  find  out  how  will  the 
energy-absorbing  (EA)  floor  will  influence  the  dummy  responses  when  exposed  to  same  input  vertical 
acceleration.  In  this  set  of  simulations,  the  effect  of  EA  floor  is  analyzed  for  a  non  stroking  seat, 
conventional  stroking  seat  and  the  best  retractor  stroking  seat  at  200g,  350g  and  500g  vertical 
acceleration  input.  Results  are  summarized  in  table  2. 


Table  2:  Dummy  responses  with  floating  floor  &  stroking  seats 


Pelvic  vertical 
acceleration 
(g) 

Lower  lumbar  loads 
(Ibf) 

Average  tibia  loads 
(ibf) 

Input 

NS 

Seat 

CS 

Seat 

RS 

Seat 

NS  Seat 

CS  Seat 

RS  Seat 

NS  Seat 

CS  Seat 

RS  Seat 

200  g 

42 

18 

16 

600 

[2669  N] 

300 

[1334 N] 

196 

1872  HI 

900 

[4003  N] 

950 

[4226  N] 

956 

[4252  m 

350  g 

44 

35 

17 

1250 
[5560  N] 

605 

[2691 N] 

212 

[943  HI 

1500 
[6672  N] 

1600 

[7117N] 

1053 
[4684  H] 

500  g 

46 

42 

24 

1260 
[5604  N] 

650 

[2891 N] 

244 

[1085 N] 

1700 
[7562  N] 

1700 
[7562  N] 

1586 
[7055  H] 

STO-MP-AVT-221 


3-13 


UNCLASSIFIED 


UNCLASSIFIED 


organization 


Retractor-Based  Stroking  Seat  System  and  Energy- Absorbing  Floor  to  Mitigate  High  Shock  and  Vertical 

Acceleration 

5.1  Off-Axis  loading 

The  last  step  in  the  analysis  is  to  evaluate  the  effect  of  off-axis  loading  on  the  hull  and 
determine  how  the  seat  and  the  dummy  respond  when  200g,  350g  and  500g  peak  accelerations  are 
applied  along  the  vector  defined  in  Figure  15. 


- Seat  Base 


Table  3:  Dummy  responses  and  responses  for  conventional  (CS)  and  retractor  (RS)  seats 


Pelvic  vertical 
acceleration 
(g) 

Lower  lumbar  loads 
(Ibf) 

Average  t 
(11 

ibia  loads 
>f) 

Seat  Stroke 
(mm) 

Input 

CS  Seat 

RS  Seat 

CS  Seat 

RS  Seat 

CS  Seat 

RS  Seat 

CS 

Seat 

RS 

Seat 

200  g 

11 

8 

322 

[  1432  N] 

105 

[  467  N] 

200 

[  890  N  ] 

300 

[  1334  N] 

35 

90 

350  g 

18 

10 

350 

[ 1557 N] 

150 

[  667  N] 

370 

[  1646  N] 

360 

[  1601N] 

64 

no 

500  g 

19 

16 

470 

[2091N] 

330 

[  1468  N] 

420 

[  1868  N] 

390 

[  1735  N] 

78 

170 

Table  3  summarizes  the  dummy  responses  and  seat  stroke  results  from  off  -axis  loading.  The 
retractor  stroking  seat  shows  lower  dummy  responses  compared  to  conventional  stroking  seat  when 
exposed  to  off-axis  loading.  The  seat  strokes  more  in  retractor-based  system  compared  to  conventional 
seat  stroking  system,  on  an  average,  by  an  increase  of  50%.  The  initial  and  final  positions  of  the  seat 
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and  dummy  are  in  captured  in  Figure  16. 


Figure  16:  Initial  and  final  positions  of  the  Seat  and  dummy  for  off-axis  loading 


6.0  CONCLUSIONS 

•  Dummy  responses  have  been  analyzed  numerically  in  a  generic  occupant  compartment 
consisting  of  a  various  stroking  and  non-stroking  seat  and  floor  mechanisms. 

•  A  retractor-based  stroking  seat  has  been  proposed  to  mitigate  the  high  vertical 
accelerative  loads  arising  fi'om  under  body  blasts,  and  shows  promising  results.  The 
retractor-based  stroking  seat  helps  reduce  the  pelvic  vertical  acceleration  and  lower 
lumbar  spine  loads  significantly,  when  compared  to  other  two  designs  described  in  this 
report. 

•  Retractor-based  systems  are  relatively  easier  to  develop  and  tune  the  seat  stroke  for 
varying  inputs  compared  to  traditional  methods  of  pulling  a  wire,  bending  metal 
components,  etc.  In  addition,  these  systems  are  relatively  easier  to  integrate  to  any  seat 
due  to  their  modular  design  nature. 

•  The  next  step  is  to  develop  the  physical  retractor  system  analyzed  in  this  report  and 
evaluate  in  a  vertical  drop  tower  test  to  validate  the  numerical  findings. 

•  Numerical  setup  in  this  report  is  an  ideal  boundary  condition  for  both  conventional  and 
retractor  stroking  seats  to  stroke,  which  may  not  be  completely  realistic. 
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Disclaimer:  Reference  herein  to  any  specific  commercial  company,  product,  process,  or  service  by 
trade  name,  trademark,  manufacturer,  or  otherwise  does  not  necessarily  constitute  or  imply  its 
endorsement,  recommendation,  or  favouring  by  the  United  States  Government  or  the  Dept,  of  the 
Army  (DoA).  The  opinions  of  the  authors  expressed  herein  do  not  necessarily  state  or  reflect  those  of 
the  United  States  Government  or  the  DoA,  and  shall  not  be  used  for  advertising  or  product 
endorsement  purposes. 

REFERENCES 

[1]  Bird,  S.,  and  Fairweather.  C.,  "Recent  military  fatalities  in  Afghanistan  (and  Iraq)  by  cause  and 
nationality",  MRC  Biostatistics  Unit,  UK,  February  2010. 

[2]  Dooge  D.,  Dwarampudi  R.,  Schaffher  G.,  Miller  A.,  Thyagarajan  R.,  Vunnam  M.,  Babu  V.,  2011, 
“Evolution  of  Occupant  Survivability  Simulation  Framework  Using  FEM-SPH  Coupling,”  2011 
NDIA  Ground  Vehicle  System  Engineering  and  Technology  Symposium  (GVSETS),  MSTV 
Mini-Symposium  Paper,  August  9-11,  Dearborn,  Michigan.  DTIC  Report  Number:  ADA571 176 

[3]  Thyagarajan,  R.,  “End-to-end  System  level  M&S  tool  for  Under  body  Blast  Events”,  27th  Army 
Science  Conference,  Army  Technology  Showcase,  Orlando,  FL,  Nov  29  -  Dec  2,  2010.  DTIC 
Report  #  ADA550921 

[4]  Kulkami,  K.B.,  Ramalingam,  J.,  and  Thyagarajan,  R.,  “Evaluating  the  Effectiveness  of  Various 
Blast  Loading  Descriptors  as  Occupant  Injury  Predictors  for  Under  body  Blast  Events”,  2013 
NDIA  Ground  Vehicle  Systems  Engineering  and  Technology  Symposium  (GVSETS)  Modelling 
&  Simulation,  Testing  and  Validation  (MSTV)  Mini-Symposium  August  21-22,  2013  -  Troy, 
Michigan.  DTIC  Report  Number:  ADA590537 

[5]  Halquist,  J.O.,  LSDYNA  Keyword  User’s  Manual,  Version  971/Rev  5,  May  2010 

[6]  Halquist,  J.O.,  LSDYNA  Theory  Manual,  2006 

[7]  Humanetics  Innovative  Solutions,  Hybrid-Ill  50th  Male  Dummy,  78051 -2 18-H,  FMVSS208, 
49CFR  Part  572,  Subpart  E,  Hybrid-Ill  50th  Male  Dummy  Parts  Catalogue,  Rev.  4,  July  2013 

[8]  Seat  Belt  Retractor  Performance  Evaluation  in  Rollover  Crashes.  Klima,  M.,  Toomey,  D.,  and 
Weber,  M.,  "Seat  Belt  Retractor  Performance  Evaluation  in  Rollover  Crashes,"  SAE  Technical 
Paper  2005-01-1702,  2005,  doi:  10.4271/2005-01-1702 

[9]  Wahed,  A.E.,  Sproston,  J.L.,  Schreya'  G.K  2002.  “Electrorheological  and  Magneto  rheological  Fluids  in  Blast 
Resistant  Design  Applications.”  Materials  and  Design  23: 391^104 

[10]  Paulitz,  T.J.,  Blackketter,  D.M.,  Rink,  K.K.2005.  “Fully-Adaptive  Seatbelts  for  Frontal 


3-16 


STO-MP-AVT-221 


UNCLASSIFIED 


unclassified 

Retractor-Based  Stroking  Seat  System  and  Energy- Absorbing  Floor  to  Mitigate  High  Shock  and  Vertical 

Acceleration 


Collisions.”  In  Proceedings  of  the  19*  Intemational  Technical  Conference  on  the  Enhanced 
Safety  of  Vehicles  (Washington  D.C.,  U.S.).  Paper  No.  05-0127 

LIST  OF  SYMBOLS,  ABBREVIATIONS,  ACRONYMS 


M&S 

Modelling  and  Simulation 

RHA 

Rolled  Homogeneous  Armor  (steel) 

LS-DYNA 

COTS  structural  dynamics  software  from  Lawrence  Livermore 

DoA 

Department  of  the  Army 

DoD/DOD 

Department  of  Defense 

EA 

Energy  Absorbing 

LTV 

Light  Tactical  Vehicle 

FD 

Force-Displacement 

LLCID 

Load  curve  for  loading  (Pull-out,  Force) 

ULCID 

Load  curve  for  unloading  (Pull-out,  Force) 

DEER 

Digressive  load  limiting  retractor 

NS 

Non  Stroking 

cs 

Conventional  Stroking 

RS 

Retractor  Stroking 

RDECOM 

Research,  Development  and  Engineering  Command 

TARDEC 

Tank  Automotive  Research,  Development  and  Engineering  Centre 
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